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IMPORTANCE  AND  SIGNIFICANCE  OF  TRANSITION  TEMPERATURES 

by 

W.  A.  Lee 


SUMMARY 


The  Importance  of  the  transition  temperatures  of  polymers  Is  described 
ulth  particular  emphasis  on  their  practical  significance.  An  outline  of  the 
RAE  Transition  Temperature  Data  Bank  Is  provided  and  RAE  publications  in  the 
transition  temperature  field  are  tabulated. 
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1  INTRODUCTION 

Thii  Memorandum  Is  one  of  a  secies  of  reports  and  memoranda  relating  to  Che 
transition  temperature  (TTs)  of  polymers  and  explains  briefly  the  motivation  for  studies 
in  this  area.  The  important  part  played  by  TTs  in  determining  the  properties  of  polymers 
Is  described  with  many  examples  of  their  practical  significances.  A  keen  academic  and 
commercial  interest  in  TTs  is  illustrated  by  reference  to  the  RAE  Transition  Temperature 
Data  Bank;  SAE  publications  in  the  TTs  field  are  listed. 

2  IMPORTANCE  AND  SIGNIFICANCE  OF  TRANSITION  TEMPERATURES 


Over  che  last  decade,  a  large  number  of  polymers  have  been  synthesised  yet  only  a 
smell  proportion  has  achieved  commercial  succeea.  Leaving  aside  those  polymers  synthe¬ 
sised  solely  for  academic  reasons,  che  origins  of  this  failure  are  at  least  twofold. 
Firstly,  there  are  many  commercial  polymers  alreedy  available  and  between  them  they  pro¬ 
vide  a  wide  spectrum  of  useful  properties  which  makes  it  increasingly  difficult  to  bring 
about  a  significant  Improvement  on  a  cost  effective  basis.  Secondly,  che  designing  of 
new  polymers  for  specific  properties,  'molecular  engineering',  has  sometimes  been  more 
hit  end  miss  thee  it  might  have  been.  Neverthelasa,  there  are  important  gaps  at  che  top 
and  bottom  of  the  temperature  scale  and  for  special  applications,  and  it  becomes 
Increasingly  compelling  to  make  more  effective  uae  of  the  vast  amount  of  data  currently 
available  and  direct  now  research  into  more  profitable  channels.  To  this  end,  many 
investigations  ere  concerned  with  che  relationships  between  structure  and  properties  in 
order  to  make  the  beet  possible  estimate  of  properties  in  advance  of  synthesis.  In  pur¬ 
suit  of  this  aim,  an  understanding  la  required  of  Che  main  factors  which  govern  polymer 
properties.  A  totally  crystalline  polymer,  if  such  could  be  obtained,  would  be  very 
brittle  and  not  very  useful.  It  follows  therefore,  Chat  Che  state  of  ctfe  amorphous 
(non-crystalline)  regions  is  one  of  Che  dominant  factors  insofar  as  physical,  parti¬ 
cularly  mechanical,  properties  are  concerned  which  determine,  che  degree  of  usefulness 
of  a  material.  Differences  in  che  physical  properties  of  linear  polymers  are  determined 
by  verlacions  in  che  cypes  and  rates  of  segmental  modem  of  che  polymer  chains  and  the 
types  and  degrees  of  molecular  ordering.  Changes  in  the  characteristics  of  che  amorphous 
or  crystalline  regions  occur  at  che  TTs  and  it  follows  therefore  chat  they  are  all  impor¬ 
tant  In  determining  che  properties  of  a  polymer.  For  example,  transitions  associated 
with  che  amorphous  region  determine  che  low  temperature  limit  of  che  high  reversible 
strain  characteristic  of  elastomers,  Che  moulding  and  the  upper  and  lower  service  tem¬ 
peratures  and  to  soma  degree  the  toughness  of  plastics,  and  the  drawing  temperature  of 
fibres*  In  general  terms,  all  physical  properties  of  amorphous  polymers  which  depend  on 
che  segmental  relaxation  rata  undergo  a  major  change  on  heating  through  che  glass  tran¬ 
sition  temperature  (T  )  region.  A  plastic  material  which  is  largely  amorphous  may  show  a 
S 

large  drop  in  Young's  modulus  (perhaps  3  orders  of  smgnicude)  and,  «t  Che  same  time,  a 
discontinuity  in  the  temperature  dependence  of,  or  a  marked  change  in,  such  properties 
as  diffuslvlcy,  expansivity,  refractive  index,  gas  solubility,  crazing,  creep,  damping, 
adhesion  and  chemical  reactivity.  For  satisfactory  strength  and  sciffnass,  many  ther¬ 
moplastic  commercial  polymers,  particularly  fibres,  must  have  both  the  type  and  degree  of 
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cry»t*lliaitf  controlled  within  appropriate  Unit*.  At  the  temperature*  of  crystal- 
crystal  treoeltloe*  (T  a*),  change*  In  density  and  mechanical  properties  can  occur  and  at 
the  melting  point  (T  )  there  Is  a  catastrophic  fall  In  strength  and  stiffness  in 
crystalline  polymers.  T _ ,  T  .  and  crystallisation  temperatures  assume  considerable 

ns  CCS 

Importance  In  governing  the  temperatures  of  processing. 

It  is  evident  that  before  embarking  on  any  programme  of  polymer  development  or 
synthesis,  close  attention  must  be  given  to  both  amorphous  and  crystalline  region  TTs. 

The  amassing  of  reliable  and  comparable  information  on  TTs  Is  the  first  step  In  the 
attempt  to  resolve  what  sort  of  polymer  will  '  ve  the  properties  desired.  It  also  yields 
much  of  the  data  needed  to  be  able  to  decide  whether  an  existing  polymer  has  the  required 
properties  or  may  be  further  developed  to  do  so. 

In  practical  terma,  the  number  of  fields  and  applications  in  which  a  necessary 
interest  in  TTs  has  been  shown  is  Illustrated  by  the  example  Index  terms  drawn  from  the 
KAE  Transition  Temperature  Data  Bank  (see  Appendix  A)  which  was  formed  In  co-operation 
with  RAP BA  and  covers  dace  up  to  1979.  Since  Chat  date,  references  to  TTs  have  been 
recorded  as  a  result  of  computer  searches,  but  the  references  have  mostly  not  been  pro¬ 
cessed.  An  enormously  diverse  field  of  applications  and  interests  is  shown  by  the  1800 
deles  in  the  actual  index.  Appendix  B  briefly  describes  the  RAE  Data  Bank  the  size  of 
which  is  a  measure  of  external  lncarest  in  TTs  and  therefore  of  their  significance  to 
workers  in  the  polymer  field. 

BAE  papers  and  publicatioi.3  on  transition  camperatures  have  attracted  much 
1-20 

lnterese  as  caa  be  Judged  from  over  100  citations  in  the  Science  Literature 
Index  and  correspondence  on  the  subject  from  over  140  different  persons.  • 

3  CONCLUSIONS 

Transition  temperacures  determine  what  sort  of  materiel  (elastomer,  plastic 
or  fibre)  a  polymer  may  be.  Its  temperature  limitations,  or  advantages,  in  pro¬ 
cessing  and  in  use,  whether  or  not  It  will  be  In  the  glassy  or  rubbery  state  at 
Its  use  temperature,  and  the  temperatures  at  which  soma  of  the  more  significant  changes 
In  physical  properties  occur.  They  are  of  the  greatest  Importance  to  the  engineer  as 
well  as  to  the  scientist  trying  to  make  new  polymers  with  improved  properties  and  to 
correlate  properties  with  structure.  Indeed  It  has  been  said  that  "It  is  Impossible  to 
understand  the  properties  of  polymers  without  a  knowledge  of  the  types  of  transitions 
that  occur  In  such  materials.  Nearly  all  the  properties  of  polymers  are  determined  prl- 
marlly  by  these  transitions  and  the  temperatures  at  which  they  occur"  . 
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Appendix  A 

EXAMPLES  OP  INDEX  TERMS  USED  IN  THE  RAE  TRANSITION  TEMPERATURE  DATA  BANK 
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Abrasion 

Activation  energy 
Adhesion,  adhesive 
Adhesive  sheet 
Adhesive  cape 

Ageing  see  also/Degradacion 

Aircraft  window 

Allotropy 

Annealing 

Antioxidant 

Antiplasticiser 

Artificial  leather 

■earlngs 

Binding  power  index 
Biomedical 
Birefringence 
Bond  interchange 
Bottle 

Brlllouln  scattering 
Carbohydrate 
Car  interior 
Casting  solvent 

CED  see/Coheslve  energy  density 

Chenlluninescence 

Clachrate 

Coating  conposltlons 
Cohesive  energy  density  (CED) 

Cold  forming 
Cold  rolling 
Compressibility 

Conduction/elect.  Conductivity /elect. 

Cracking 

Creese  recovery 

Creep 

Critical  surface  tension 
Crystallinity 
Crystallisation 
Crystallisation  (Race) 

Crystallisation  Temp 
Current  regulating 


Damping  /Vibration  damping 

Deformation 

Deformation  energy 

Degradation 

Dens if led  vol. 

Density 
Dental  crowns 
Dfepolarlsacion  current 
Dielectric  properties 
Dielectric  relaxation 
Diffusion 

Dimensional  stability 
Drape  stiffness 
Drawing,  /Drawn 
Drawing  temperature 
Dyeing 

Dynamic  mechanical 
Elasticity 

Elasticity  minimum  temperature 

Elastomers 

Elect rets 

Electrical  conductivity 
Electrical  insulation 
Electrical  resistance 
Electric  discharge 
Elongation 
Elongation  ratio 
Emulsion  freeze-thaw  stability 
Encapsulation 

Energy  of  rotational  isomerisation 
Etching 

Excluded  volume 
Expansion  coefficient 
Explosives 
Fabrication 
Fabric  production 

Failure  envelopes  see  Ultimata  propert 
Fat  igue 
Fibres 
6T  Fibre 
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Fibrillation 

Filler 


Fir*  retardent 
Fletepot  Index 
Flex  abreaion 
Flexibility 
Flow  temp. 

Fluids 
Footwear 
Fracture 
Free  voluae 
Freezing  point 
Friction 

Gaa  chroaetography 

GEM  diaubsticution 

Glass  reinforced  plastics 

Golf  balls 

Grafting 

Granulating 

Grease 

Hardener  see/Crosslinking  (Structure) 

Hardness 

Heat  capacity 

Heat  conductivity 

Heat  distortion 

Hot  pressing 

Iapect  (Resilience)  (Resistance)  (Strength) 

Internal  friction 

Internal  pressure 

Interpenetrating  polymer  network 

Intarplanar  slippage 

Ionic  charge 

Irradiation 

Ladder  polymers 

Lamella  thickness 

Leal nac ion 

Laser-induced  damage 
Latex  aanufacture 
Leather  coating 
Leather  substitutes 
Liquids 


Lubricant 


Luminescence 
Magnetic  field 
Magnetic  tape 
Mechanical  behaviour 
Medical  implant 
Meabrane 

Minimum  film  fusion  temperature 

Modulus 

Molar  Ht. 

Molar  volume 
Mo lac  motion 
Mooney  viscosity 
Moulding 
Natural  leather 
Necking 
Nucleation 


Optical  activity 
Ozone  cracking 
Packaging 
Paint 

Paper  coating 
Peeling  strength 
Penetrant 

Permeation,  /Permeability  , 

Phase  equilibria 

Phosphorescence 

Photodegradation 

Pipe  couplings 

Plastic  yield 

Poisson's  ratio 

Polishes 

Polymer  characterisation 
Polymer  design 
Polymer  networks 
Polymerisation  conditions 
Powder  preparation 
Processability 
Product  design 
Propellants 
Propellant  binders 
Puhl  Coef 

Radiation  avw  Irr.idlatlon 
Radical  concentration 
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Reactivity 

Reduced  electrical  resistivity 

Refractive  index 

Relaxation  tiae 

Rigidity 

Rolling 

Safety  glasa 

Scintillation  Intensity 

Sealant 

Seals 

Sheet  formation 

Shrinkage 

Surface  tension 

Surgical 

Swelling 

Tearing 

Tear  Strength 

Teaperature  conductivity 

Tenalle  properties 

Theory 

Theraal  conductivity 
Therael  expansion 
Theraal  history 
Solubility 

Solubility  paraaetar 
Solution  properties 
Sound  velocity 
Specific  heat 
Specific  retention  Voluae 
Specific  Voluae 
Spherulitlc  growth  rate 
Strain 

Stress-optical  coef. 

Stress  relaxation 
Stretching 
Theraal  stability 
Transport 
Tyres 

Varnish  see/?aint 
Vibration  dampers 
Vlscoe laatlcity 
Void  foraatlon 
Voluae  expansion 
Vulcanise! l on 


Water  absorption 

Wear 

Welding  strength 
Wetting 

Wrinkle  recovery  (resistance) 

(see  /Crease  recovery  (resistance) 

Tarn  production  see  also  /Fibrillation 

Yielding  behaviour 
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THE  RAE  DATA  BANK  ON  TRANSITION  TEMPERATURES 

A*  part  of  a  programme  on  polymer  development  at  RAE  a  data  bank  on  tran¬ 
sition  temperatures  of  polymers  was  compiled.  The  majority  of  data  related  to  tran¬ 
sitions  of  the  non  crystalline  phase  of  undiluted  linear  homopolymers,  buc  a  wider  field 
of  interest  had  been  Indexed  to  a  halted  extant.  The  data  bank  comprised: 

(a)  Index  of  10700  daca  cards  showing  transition  temperatures  of 
Individual  polymers. 

(b)  Author  Index  comprising  11000  entries  (based  on  first-named 
authors). 

(c)  Subject  Index  with  1300  subject  headings  and  14500  referenced  infor¬ 
mation  cards. 

(d)  Computer  based  Index  of  1200  critically  assessed  glass  transition 
temperatures  of  undiluted  linear  homopolymers  In  a  chemical  hierarchy  and 
Tg  value  order  together  with  a  suite  of  over  100  computer  programs  to 
manipulate  the  daca.  Data  up  to  1972  was  published  In  the  second  edition 
of  the  Polymer  Handbook1. 

£ 

(e)  Handbook  of  Daca  Sheets  on  90  carbon-chain  fluoropolymers 

(f)  Handbook  of  Data  Sheets  on  197  fluoropolymers  containing  main-chain 

,  3  / 

nitrogen  . 

(g)  A  Handbook  of  Data  Sheets  on  fluoropolymers  containing  main-chain 
oxygen"* . 
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